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CONCLUSIONS:

Metabolismn ~‘Anag:obic Soil

1. EFGWB concludes this study does not satisfy the data
requirements for an anaerobic soil metabolism study and is
considered supplemental.

2. This study is scientifically sound, but does not meet
Subdivision N guidelines for the following reason:

four degradates (Unknowns 4 + 5, 6, and 7), present at
up to 0.04 ppm during the study, were not identified.
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6.

In order for this study to fulfill the anaerobic soil
metabolism data reguirement, the registrant must identify
all degradates present in the soil and water at >0.01 ppm
during the study.

EFGWB notes that <10% pebulate degraded after 60 days of
anaerobic metabolism and can be considered stable in the
anaerobic environment. Since so little pebulate degraded
under anaerobic conditions, a meaningful half-life can not
be calculated.

The primary dissipation mechanism under these conditions
appears to be the volatilization of pebulate from the
flooded soil (slightly <6% pebulate (0.27 ppm pebulate}) was
recovered in the foam plug trap$ from the start of flooding
until termination of the experiment, 60 days later).

Pebulate degradates, of which pebulate sulfoxide is the
major compound under aerobic conditions (up to 8.56% or 0.41
ppm was recovered from soil as pebulate sulfoxide after 30
days of aerobic metabolism), do not appear to accumulate in
soil under anaerobic conditions.

The resolution of the data deficiencies mentioned above is
not likely to alter these conclusions.

METHODOQILOGY

Sanples of air-dried, sieved (2-mm) Manteca sandy loam soil
(56% sand, 33.9% silt, 10.2% clay, 1.5% organic matter, pH
7.7, CEC 12.6 meq/100 g) were weighed (250-g) into biometer
flasks. Twelve flasks of soil were each treated with =5 ppm
of butyl-labeled { C}pebulate (radiochemical purity 97.7%,
specific activity 8.24 x 10* dpm/upg) that was dissolved in
acetone. Two additional flasks of untreated soil served as
controls. The soils were mixed by stirring, moistened to
75% of field capacity, and mixed again. The sidearm of each
flask was filled with 1 M potassium hydroxide and fitted
with a polyurethane plug for trapping volatiles (Figure 1).
The flasks were sealed, placed in an environmental chamber,
and attached to a “static" air-flow system (Figure 7,
obtained from Study 4). The flasks were incubated aero-
bically in the dark at 23 % 1°C for 30 days, at which time
the soils were flooded with 200 mL of water and the oxygen
flow was replaced with nitrogen gas. Duplicate soil samples
were collected at 0, 5, 9, 30, 40, 61, and 90 days post-
treatment. Trapping solutions and polyurethane plugs were
collected at 5, 9, 16, 26, 30, 40, 61, and 90 days
posttreatment.

The samples were centrifuged to separate the so0il and water
phases (Figure 2). The floodwater phase was removed,
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acidified to pH 1 with hydrochloric acid, and extracted
twice with equal volumes of ethyl acetate. The ethyl
acetate extract and the extracted water were radioassayed by
LSC. Aliquots of the extracted floodwater were separated
and quantified using two-dimensional TLC on silica gel
plates developed in pentane:t-butylmethylether:2-
propanol:methancl:14% ammonium hydroxide (85:20:10:10:3) and
cyclohexane:tetrahydrofuran:methanol:triethylamine
(7:3:1:1). Ethylbutylamine and butylamine reference
standards were cochromatographed with the samples.

The soils were extracted twice with acetone, then with meth-
ancl. The acetone and methanol extracts were combined, and
aliquots were analyzed for total extractable radiocactivity
using LSC. Additional aliquots of the soil extracts were
concentrated, then diluted with equal volume of pH 1 water.
The acidic solution was extracted twice with ethyl acetate,
and the ethyl acetate extract and extracted water were
radicassayed by LSC. Unextractable {“C}residues in
extracted soils were gquantified by LSC after combustion.

The urethane foam plugs were extracted with ethyl acetate
and total radicactivity was quantified using LSC.
('*ciResidues in the gas trapping solutions were quantified
by LSC and total CO, from respiration was determined by
titration. All radiolabelled material in_the gas trapping
solutions was confirmed to be present as CO, by using
barium chloride precipitation.

The ethyl acetate extracts from the floodwater, soil, and
polyurethane foam plugs were separated and quantified using
two-dimensional TLC on silica gel plates developed in
methylene chloride and toluene:acetone (5:1). Pebulate and
pebulate sulfoxide reference standards were
cochromatographed with the samples. Standards were iden-
tified using Dragendorff's reagent or the N-chlorination
procedure which employs potassium iodide-starch spray.
Radioactive residues were detected using autoradiography.
Radicactive compounds were scraped from the plates, desorbed
from the silica gel, and quantitated by LSC., The implied
limit of detection is 0.01 ug/g.

Extracted solls, with the exception of the 40-day interval,
were reextracted with acidified methanocl. The phases were
separated by centrifugation, and total radiocactivity in the
extract was quantified by LSC. The extracts were combined,
concentrated, redissolved in water, and partitioned with
ethyl acetate. Total radicactivity in the aqueous and ethyl
acetate phases were quantified by LSC. The ethyl acetate
phase was analyzed using TLC in both solvent systems
described above.
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DATA :

['“c)Pebulate degraded with a half-~life of >90 days in sandy
loam so0ll that was treated with [butyl-l-“C)pebulate
(radiochemical purity 97.7%) at =5 ppm and incubated
anaerocbically (flooding plus N, atmosphere} at 23 £ 1°C in
the dark for 60 days following 30 days of aerobic
incubation. After 30 days of aerobic incubation, pebulate
concentration was 2.96 and 0.11 ppm in the soil and water
fractions, respectively: while

pebulate sulfoxide

concentration was 0.41 ppm in the soil and <0.01 ppm in the
water; and three unidentified degradates (Unknowns 4 + 5,
and 6) were £0.04 ppm in both fractions (Table X and XI).

After 60 days of anaerobic incubation (90 days post-
treatment), 55.35% of the applied was extractable residues,
9.59% was unextractable residues, 6.19% had been evolved as
“coz, and 16.44% had been evolved as organic compounds (>97%
pebulate} (Tables VII and VIII). The extractable residues
after 60 days of anaerobic incubation were characterized as:
pebulate, 2.73 and 0.09 ppm in the soil and water fractions,
respectively: pebulate sulfoxide, <0.01 ppm in both
fractions; and Unknowns 4-7, each <£0.03 ppm in both
fractions. Material balances ranged from 90.7-98.9% during
the entire study (Table VIII).

REVIEWERS COMMENTS:

1.

Unknowns 4 + 5, 6, and 7, present at concentrations from
0.02-0.04 ppm, were not identified. Subdivision N
guidelines specify that all degradates present at >0.01 ppm
should be identified.

Samples of flood water from the 31 day anaerobic incubation
were lost prior to extraction: therefore, characterization
was not performed,

The test soil was characterized as a sandy loam; however,
throughout the study the author referred to the test soil as
a loam.

EFGWB accepts this study as supplemental because of the
deficiencies noted and believes that correction of these
deficiencies may not affect the conclusions resulting from
the study,.
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Figure 2. Anglysis Scheme For 3ol Samples.
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Eesults of radisassays parformad on tne bi-metasr tlzzg NalH
traps are given in Table [II. MNaarly 7% s5f tlhe OoLnieialiy

appliead tn the so1l was ~enverted =o Tl svar the Fi-d4ay ttucza
14

the study. CO, eavolutisn was supressad substantially Sy Slomdiing
2 =

Titration ¢f the NaOH traps for total COE indicated that -nz 3524
used in the study was actively respiring within acceptable standards
(>3.5 x 1'.}-'3 millimoles COZ/day/gram of air-dried soil} over the
course of the aerobic phase of the study (Table V and Appandix 2).

Flooding significantly reduced soil respiration rate.

14

The 0 that ~ccurrad in the 5 day througﬁ 40 day NaOH traps

was shown to be due to CU, resulting from the metabalism of Tillam.

Addition of BaCl2 to the traps to precipitate the carbenates

quantitatively removed all 140 from the solutinn (Tablae [V..

Nearly 18% of the applied 14C volatilized trom the seil in a

form that was trappable by the polyurethane foam plugs (Tabls VI).

-

The rate of loss graéually declined from an initial (.5-0.5% per day
rat2 to somewhat less than 0.1% per day after 90 days. Flarding did
not appear to impac;Jsignificantly the rate »f volatilization. TLC
analysis of the ethyl acetate axtracts nf the foam plugs revealsd
that the trapped 140 was almost entirely unchanged Tillam (ﬁj&%!

(Table VII),

14,

The ganeral nature and distribution of C re

14

0

nvarad from the
(Butyl-1-""C]Tillam trestad soil are shown in Tables VII® & IX and
Figure 3.The cverall total recovary of 14$ from the sc-ils (as

determined by summation of volatile, soil-extractable; soil-bound.

and floodwatar 14U} ranged between ¥4.3% and 103.6% during the 20

—_— e [3 —



dsy aercbic phase and betwa2n 90.7% and 95 8% durinsg ths $o Az
anazrobic phase.

Tha 14C associatad with the so0il itself was fractienated in*o

acetone/methannl extractable 140 (later partitioned into sthyl

acetate soluble and water soluble fractions) and soil-bound 140

residues. The soil-bound 140 increased gradually to about 9% of
the applied 140 at 30 days and, after floeding, stabiliz=d at zbemu+
11-12% of the applied 140. The axtractable 14C recovered frem the

s0il, representing 99% of the applied 14C§at O-time, declined to

about 680% of the applied 140 after S0 dayé. Flooding tHe_soil

slowed the rate of decline of extractable 14C. Approximately 4% of

the 140 applied to the soil (about 0.2 ppm Tillam aquivalents in the

$s0il) was solubilized by the floodwaters.

The acetone/methanol extractable l4C that was recovered from

the soil, when partitioned between water and ethyl acetate, moved

almost exclusively into the ethyl acetate phase. The polar, water

14,

partitionable C at 90 days repraesented only 0.5% of the applied

140 (equal to a soil concentration of 0.02 ppm in Tillam

equivalents}. The aqueous fraction of the soil extracts was not
analyzed by TLC due to the small amount of 140 that was presant.

Very likely the 14

C in the water extracts containad for the most
part Tillam since this product (as will be discussad later)
constituted over 95% of the ethyl acetate extract and a portion of

it could be expected to remain within the aqueous phase following

ethyl acetate extraction.

The nature and distribution of 140 products in the ethyl

acetate extracts of the scils as determined by two~dimensional TLC

{system AxB} are indirated in Table X and Fig. 5. Fig 4 crovides a
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e;r-sentation ~f a typical TLC saparatisn of the 14C~labeled gnile

10

+hyl acatate extractives and non-labeled reference standardis.

Unchanged Tillam comprised over g5% of this fraction throughout th=

s+tudy except for'the 30 day interval where Tillam sulfoxide alsc
cccurred as a major product. During the aerobic phase of the stuiy.
Tillam sulfoxide gradually formed and reached a concentration of 127
of the extractable-14C in seil (0.4lppm in Tillam equivalents) af~=2:
30 days. Upon flceding, the Tillam gulfoxide de=linsd withen 10
days to less than 0.03ppm Tillam equivalents. The mechanism of
degradation of Tillam sulfoxide was primarily through reduction bac
+o parent Tillam as evidenced by the fact that Tillam sulfoxide los
resulted in a concurrent and equal increase in the soil
concentration of Tillam (Fig. 5). Also present as components of tF
extractable organosoluble 14C were three or four products which
appeared throughout the study at trace levels; each.occurred az a
concentration of less than 0.01 ppm Tillam equivalents after 90
days .~

The 140 that oczurred in the floodwater constituted about 3-4
of the applied 140 throughout the 80 day post-flood anaer~bic¢ phas
of the study (Table IX). The 14C associated with this fraction wa

largely extractable with ethyl acetate (about §0%). Analysis of ¢

‘ethyl acetate and water partitionable floodwater 145 by nonpolar °

system AxB showed that Tillam was the principal compcnent {>50%)
while other non-polar 14C products comprised less‘than 20% (V.02
Tillam equivalents) (Table XI). The ethyl {cetate and agquecus
floodwater frac?}ons ware qualitatively cimilar, however the letws
contained a much higher proportion of polar 140. The

. L] 1 4 - - o LY .
Ve mm et it Aring 1 " frmam +he floodwaters WAL ehown he TOE in
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‘1)

Ce2z sclvans SyY3tam Cxk2 12 ce cinEesas laszal, .

SCuCI3 mCr2 polar zhan tme elrviZutylamine ans

-, — LELR" Y

c2lz2r2ance standarzs (Tanla XiZ}Y . TRe :two aminas Qld nzz ogzur oz
FIICUeSTs in the flocdwasars. Ti5. 4 pDraesencs a T/cizal sercarz-:.--
o ¢ procuets from soil apd t22 non-radislakeled amire tafa-a--a

Starcards in two-dimensional Polar TLC svstam CxD.

Re-exTraction of s0ils wi=n acidic mexzharol ras

Cozad in os=s
. = : o - - - s - : . R S _——e s =
“2.232s582 0l a significars FOr--on o the insolunle 14~ SLET ra=mzirs
T

@cexcne and methanol (Tabla X217y, An average of azou= 350% ol =
availazle becund lic #--p the ciatined soails wWas extracizd, T=a
acidic-mechanol-soluble ldc (afzer cembining all exzraec-g and
removing the mezhanol), when Partitioned betwean water and ezhyl
acstate, moved largely (70.9%) into thae organic phase

(1248:60). 711 analysis of the ethyl acerate fraction showed t-a-
tae l4¢ wasg principally composed of unchanged Tillam fellowed by
MmIncr quantities of othe~ products observed Previcusly ia thae

ini=ial acetone/mechancl soil @xTracts (Table XIVy.,
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